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MOLECULAR RECOGNITION: CYCLOBUTANE THYWINE DIMERS AS RIGID TWO-SITE RECEPTORS 
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Abstract: Cyclobutane photodimers of thymine were synthesized and shown, in 
organic solvent, to bind to mono-and bis-diamidopyridlne derivatives. 

The hydrogen bond is a critical interaction In both biological and artificial 

molecular recogniti0n.l The precise positioning of several hydrogen bonding groups 

within a cavity can lead to highly selective complexation of those substrates with 

complementary binding groups. In recent years we* and others3 have reported a number 

of synthetic receptors based on this strategy of directed hydrogen bonding interactions. 

By careful choice of the number and nature of binding interactions selective hosts for 

such key biomolecules as nucleotides,2a~b~g*3ayb peptides,2c barbiturates2d and uric 

acid3d have been prepared. However, an important step in the development of this field 

involves the construction of hosts containing two discrete binding regions.4 These 

double receptors will permit the complexation of two substrates (fig. la) or alterna- 

tively can bind in a constrained manner to a single substrate containing two binding 

regions (fig. lb). We herein report a series of novel two site receptors based on the 

rigid framework provided by cyclobutane pyrimidine dimers. 

a 

Fig. 1 

b 1 

4 R=n-Butyl 

Tricyclic diimides of type (1) are readily formed by the photolysis of bis-thymine 

derivatives. In ~1~0, this is the principal mechanism of UV-damage in DNA and necessi- 

tates repair by a class of photoactivated enzymes, called photolyases.5 Despite the 

2401 



intense interest in these derivatives there has been little work on the binding properties 

of thymine dimers. The structure of the syn,cfs-dimer (I) places two imide groups in 

close proximity at an angle of -45' and a closest distance (4-CO to 4-CO) of 2.7 A to 

each other. We have previously demonstratedh the triple hydrogen bonding complemen- 

tarity that exists between the imide functional group and 2,6-diamidopyridine (DAP) 

derivatives (Fig. 2). Thus, thymine dimer (1) can potentially bind two DAP substrates 

or a single substrate containing two DAP groups in a favorable arrangement. In polar 

solvents these interactions are expected to be weak and so an important design consider- 

ation involves confering organic solubility on the dimer. 

Organic soluble thymine dimers were synthesized by two routes. I-Carboxymethyl- 

thymine' (2) was converted to dimeric diester (3) with ethane-1,2-diol and carbonyl 

diimidazole and photolysed (at 300 nm) in a Pyrex reaction vessel. The short linking 

chain7 enforces a syn,cfs stereochemistry in the product which formed In 77% yield. 

Hydrolysis of the esters (LIOH, MeOH) and reesterification with n-butanol (CDI) gave 

thymine dimer 4 in 45% yield. In a more direct route carboxymethylthymine (2) was 
esterlfied with dibutyl L-tartrate to diester 5 followed by photolysis in g:l CH2C12- 

acetone to form organic soluble dimer a8 in 65% overall yield from 2. A series of 

bis-DAP substrates 7-9 were prepared by mono-acylation of 2,6_diaminopyridine with 

propionyl chloride, followed by reaction with the corresponding diacid chloride. 

7 Z=(CH2)6 

6 Z=(CH2)5 
9 Z=CH20CH2 

3 R=H 

5 R=C02Mu 

Addition of one equivalent of 7 to a CDC13 solution of 6 led to large downfield 

shifts of the amide-NHs (1.51 and 1.71 ppm) on the substrate and the imide-NH (2.4 ppm) on 

the receptor. These changes are consistent with a complex of type If+' in which the 

bis-DAP substrate takes up a U-turn conformation to form six hydrogen bonds with the 

bit-imide receptor. Similar results were also seen with dimer 4. The 1:l stoichicmetry 
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of the complexes was confirmed using Job's method of continuous varlance.ll Continuing 

the addition of substrate into receptor leads to a blnding curve that can be analyzed by 

non-linear regression methods'* to determine association constants for the interaction. 

These values for dimer 6 are collected In table 1 and show a steady increase wlth the 

length of the linking chain. The strongest complex is formed with the suberoyl-linked 

substrate and corresponds to a binding free energy of -4.6 kcal mol-' which is a little 

less than twice that of 2,6-dlbutyramidopyridine and thymine (-2.7 kcal mol-1).2a The 

linking chain presumably takes up a chair conformation with the acylpyridlne groups 

occupying adjacent equatorlal positions. Binding Is weaker between 6 and the plmeloyl- 

and glycolyl-linked substrates reflecting greater strain in the bound conformation and, 

in the latter case, intramolecular hydrogen bonding. Simple 2,6_dibutyramidopyridlne 

derivatives give binding isotherms with I or 6 that indicate 2:l stoichiometries as 

shown in 11. This was confirmed by a Job's plot (Fjg. 3) that contained a maximum at a 

mole ratio of 0.33. 

Table 1 

Spacer-Z Xa (M-l) 

-(CH2)6- 2200(+400) 

-(CH*)5- 1700(*250) 

Fig. 3 

-CH20CH2- 520(+50) I 
. , : , . , . , 1. 4 , 

0.0 0.2 0.4 06 0.8 1 .o 

MokfnaiondDim~ 

In sumnary, we have shown that organic soluble cyclobutane thymlne dimers form 2:l 

and 1:l complexes with mono- and bis-2,6-dlamldopyrldine derivatives, respectively. We 

are currently exploiting this property to influence bimolecular reactions between bound 

OAP derivatives or unimolecular processes wlthln the constrained linking chain of a bound 

bis-OAP molecule. 
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The chemical shifts of the amide-Hs in 7 and 8 (-7.6 ppm) were similar to that of 
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